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Introduction
Have you ever try to imagine the future city? We, humans, are not

and industrialization. How to plan and build our city to a more

limited in our ability to imagine what our future might be. Scientists,

people-centered, not machine-centered had been considered.

architects, urban planners, artists, science-fiction novelists all have
dreamed of the futurist cityscape.

In the 1930s to 1950s, many highways network was built in the US.
Frank Lloyd Wright developed an urban design theory called

In the mid-18 century, the First Industrial Revolution started in Britain

Broadacre City influenced by earlier garden city ideas of the

bringing in steam engine and innovations. People flocked to cities to

landscape architect Frederick Law Olmsted and the urban planner

work and reduced the centered around villages, farming and the local

Ebenezer Howard. It depicted a city separate all across the country

crafting of goods.

connected with highways and automobiles. It was acutally a form of
suburban sprawl which reduced citizen's life quality.

During the Second Industrial Revolution in the 1870s, the United
States further developed the automobile. and in 1911 Henry Ford

As we stepped into the 2020s, technologies keep emerging, such as

introduced prodcution lines into automoblie industry. Cars became

the autonomous vehicle. We can already foresee some of the future

more widespread around the 1920s and 30s and afffordable only

cityscapes. Some of the largest vehicle manufactures have already

after WWII (which is also when road networks were being improved

road-tested their autonomous vehicles and shifted their focus to

and expanded, and highways being built). Since then automobile

electronic powered vehicles. So what will the future city look like with

became the symbol of freedom, independence, and mobility in the

new autonomous vehicle technology? What does an autonomous

US. The living area and working place are largely extended. Living

vehicle acutally mean? What's the potential of this technology? In my

here, working there, shopping elsewhere is no longer a dream.

thesis, I am not focusing on the impact of existing autonomous

Streets become broader and wider to allow not carriages and horses,

technology, but am trying to dig deeper and find its fuller potential. In

but automobiles. Therefore, horses and carriages were gradually

my thesis autonomous technology as a stepping stone to imagine

forced to step out of the transportation system.

how our future cities might perform and how their morphology could
begin to evolve.

Since the 1930s, German expressionist envisioned the future city as
a giant working machine in the movie Metropolis. It was being shown
as a piece of great social inequality and oppression, the negative side
of urbanization. It draws influence from Bauhaus, Cubist, and Futurist
design, which opens the door of imagination, letting people take a
peek of the future city and at the same time critique of urbanization
10

Metropolis (1927)
Metropolis is a German expressionist movie filmed. It
depicts a metropolis city that works as a machine,
which shows the negative view of the society.
11
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Thesis Statement

If we all agree that shared intelligence
transportation vehicles will be a reality,
and our current trajectory is toward an
ever more shared environment, then
how can we reimagine transportation
infrastructure and the city in its
entirety as a physical manifestation of
machines with shared flows, mobility,
and space.

Broadacre City (1932)
Broadacre City was an urban or uburban
development concept proposed by Frank
Lloyd Wright in his book The isappearing City.
12
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Case Study
Futurist Painting
Futurism was an artistic and social movement that originated in
Italy in the early 20th century. It emphasised speed, technology,
youth, violence, and objects such as the car, the airplane, and the
industrial city. The Futurists are fascinated with the machines and
ever-changing realities of modern city life. Artworks' characteristics
include forces, feeling of modernity, repetition, themes of social
unrest. To some extent Futurism influenced the art movements Art
Deco, Constructivism, Surrealism, and Dada, and to a greater degree
Precisionism, Rayonism, and Vorticism.
Umberto Boccioni (19 October 1882 – 17 August 1916) was
an influential Italian painter and sculptor. He helped shape the
revolutionary aesthetic of the Futurism movement as one of its
principal figures. Despite his short life, his approach to the dynamism
of form and the deconstruction of solid mass guided artists long after
his death.
Giacomo Balla (18 July 1871 – 1 March 1958) was an Italian painter,
art teacher and poet best known as a key proponent of Futurism. In
his paintings he depicted light, movement and speed. Around 1902,
he taught Divisionist techniques to Umberto Boccioni and Gino
Severini. Influenced by Filippo Tommaso Marinetti, Giacomo Balla
adopted the Futurism style, creating a pictorial depiction of light,
movement and speed. He was a signatory of the Futurist Manifesto
in 1910. Typical for his new style of painting is Dynamism of a Dog on
a Leash (1912) and his 1914 work Abstract Speed + Sound (Velocità
astratta + rumore).1

1 Wikipedia
14

Umberto Boccioni, The Forces of The Street, 1911

Giacomo Balla, Velocity of An Automobile, 1913
15

Fluid Urbanism: Imagine the Future Boston City Morphology Change Based on the Autonomous Vehicle Concept

The New City, Antonio Sant’Elia, 1914

Antonio Sant’Elia

Antonio Sant’Elia was an Italian architect and a key member of the
Furturist movement in architect and a key member of the Futurist
movement in architecture in the
His extremely influential designs featured vast monolithic skyscraper
buildings with terraces, bridges and aerial walkways that embodied
the sheer excitement of modern architecture and technology. Even
in this excitement for technology and modernity, in Sant'Elia's
monumentalism, however, can be found elements of Art Nouveau
architect Giuseppe Sommaruga.
Though most of his designs were never built, his futurist vision has
influenced many. Among architects he is cited as a forerunner to
John Portman and Helmut Jahn. Films such as Fritz Lang's 1927
Metropolis and Ridley Scott's 1982 Hollywood movie Blade Runner
also show Sant'Elia's influence.
Between 1912 and 1914, influenced by industrial cities of the United
States and the architects Otto Wagner, Adolf Loos, and the Genoese
architect Renzo Picasso, he began a series of design drawings for a
futurist Città Nuova (“New City”) that was conceived as a symbol of a
new age. 1

Air and train station, Antonio Sant’Elia, 1914

1 Wikipedia
16
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Lebbeus Woods

Lebbeus Woods was an American architect and artist known for
his unconventional and experimental designs. He thought about
underground cities, floating buildings, and an eternal space tomb for
Albert Einstein worthy of the great physicist's expansive intellect. 1
One of the most famous design is the High Houses. The High
Houses looks like a giant body supported by several thin 'legs'. It
doesn't consider the structural strength. But leaving space for more
imagination
The High Houses opens my eyes in terms of the relationship between
form and functions. We all talked about form follow functions, but
what if the form doesn't follow functions? Or the form does follow
functions, but the internal logic is not that obvious as other designs?
Lebbeus Woods was the designer who dares to challenge the
conventional design theory, a person who dares to say 'what if...
then?' So many sophisticated ideas come from not conventional
thinking, but jumping out of the box and thinking boldly.

1 Wikipedia
18

High Houses
Sarajevo, Bosnia and Herzegovina. 1995
Architect: Lebbeus Woods
19
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Historical Change of Boston
18-19 Century Landfill

1775
In 1630, Boston was established as
England colonial city. From 1775 to 1812,
it's one of the wealthiest international
harbors, leading the American revolution.

20

1828

1837

1844

In the 1820s, Boston's population grew
rapidly, and the city's ethnic composition
changed dramatically with the first wave of
European immigrants.

With the Rapidly population growth,
landfills also took place in Boston to create
more areas for residential, commercial,
and recreational purposes.

In the 1840s, South Boston was landfilled.
South End kept growing and nearly
connect with South Boston.

1860
From the 1840s to 1860s, Boston
landfilling slowed down for 2 decades.

1868
From 1860 to 1868, massive landfills
continued and created the Backbay area
for the growth of a large population.

21

Fluid Urbanism: Imagine the Future Boston City Morphology Change Based on the Autonomous Vehicle Concept

US Route 3

US Route 3

US Route 1

MA State Route 2

MA State Route 3

1926

Timeline of Highway Construction
in Boston
22

US Route 1

Route 128

MA State Route 3

1927

Timeline of Highway Construction
in Boston
23
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US Route 3

Interstate 95

MA State Route 2

US Route 3

US Route 1

Interstate 93

Interstate 95

MA State Route 2

US Route 1

Route 128

Route 128

Interstate 495

Interstate 90

Interstate 90
MA State Route 3

Interstate 95

1956

Timeline of Highway Construction
in Boston
24

MA State Route 3

US Route 24

Interstate 95

US Route 24

1957

Timeline of Highway Construction
in Boston
25
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1982

Time of Big Dig Construction Started
26

Elevated
Highway
Tunnel

2007

Time of New Greenway finished

Elevated
Highway
Tunnel
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Timeline of Transportation Change

City Beautiful movement
Howard's Garden City
Corbusier's Radiant City

Therory
Art Movement

Wright's Broadacre City

Technology
Warfare

German Expressionism

New Objectivity

Automobile
French Impressionism

Train

French Surrealism
Italian Futurism

Horse

1st Industrial Revolution

2nd Industrial Revolution

Horses, wagons, carriages, buggies
Railway development in US
Automobile mass production in US

American Revolutionary War

1760s 1762
28

1775

1783

American Civil War

1840s

1860s

1861

WWI

1865

1870

1890s

1893

1898

1905

1909

1914

WWII

1918

1920s

1922

1924

1930s

1933

1939

1945

1970
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Summary

Future Speculation

With each technology breakthrough, Boston city morphology

In the late 20 century to the 21 century, Boston realized that many

Stage 4

Autonomous Vehicles Completely Displace Cars

changed rapidly.

highways connected into the heart of the downtown area cannot

Stage 3

More Advanced Autonomous Vehicles

facilitate transit flows but only bring in congestion. Therefore, to
Between 1631 and 1890, the city tripled its area through land

reduce the traffic congestion on the ground level, the Central Artery/

Stage 2

Broad Autonomous Vehicle Acceptance and Disruption

reclamation by filling in marshes, mud flats, and gaps between

Tunnel Project (CA/T), commonly known as the Big Dig, was

wharves along the waterfront. The largest reclamation efforts took

conducted. It was a megaproject in Boston that rerouted the Central

Stage 1

Launch of Autonomous Ride Services

place during the 19th century.

Artery of Interstate 93 (I-93), the chief highway through the heart of

Stage 0

Development and Testing Period

the city, into the 1.5-mile (2.4 km) Thomas P. O'Neill Jr. Tunnel.
Each Massive landfill all caused by technological breakthroughs.
From the 1760s to the 1840s Boston city landfill start at a fast pace

All of these movements have only one ultimate purpose - try to transit

which in history is exactly the time of the First Industrial Revolution.

more people from one place to another in a very short time. More

In the 1870s, Boston landfilled the entire Backbay area in just 8

people flow means more capital bring into the city. But more capital

years, which coincidentally was the Second Industrial Revolution.

gathering also creates and increases social injustice. Also, it is the

People's life quality was largely improved. Flows and mobilities

most efficient way to have more and more highways and vehicles?

Stage 4

Stage 3

Stage 0

Stage 2

Stage 1

become much more efficient than ever. Spaces also change
accordingly. More efficient transportation means were developed. For

Nowadays, how can we take advantage of the autonomous vehicle

example, the railway in the First Industrial Revolution connects

technology and build the city not for vehicles and highways but for

long-distance cities. The automobile from the Second Industrial

people and more quality urban life? What does the Autonomous

Revolution connects the rural areas to the downtown areas.

vehicle concept mean? What's the potential of this technology? The
possibility of future city transition? How does autonomous vehicle

In the 20 century, the city grows up to the sky in a 3 dimensional way.

technology help mitigate social divides and public health challenges?

More highways and turnpikes were built at that time to facilitate

How will ownership models change with the development of

traffic flows into the downtown area. In 1927, only US Route-1 and

autonomous vehicles? Those are the questions that I want to ask in

US Route-3 connected into downtown Boston. However, in 1957, 3

my thesis.

decades later, Boston developed 11 highways and already
constructed the highway network.

2016

2020
Now

2021

2025

2026

2030

2031

2035

2036

Very similar to the relationship between carriages and automobiles,

However, what can we do after 2035? Also, letting urban sprawl

new emerging Autonomous Vehicle technology will not immediately

enormously without control? Autonomous-Vehicle-centered rather

replace the automobile. They will have some overlaps time until the

than human-centered? Speed of Autonomous Vehicle galloping than

Autonomous Vehicle technology fully matured. During Stage 2 from

before in the neighborhood? More highways and more grey

2025 to 2031, Autonomous Vehicle will stir the market of traditional

infrastructures?

vehicles. The public will broadly accept the Autonomous Vehicle.
What here I am trying to speculate the timeline of the future

Absolutely NO! We need to build an intelligent transportation system

Autonomous Vehicle based on the reading 'Autonomous Vehicles

rather than focus on letting the Autonomous Vehicle becomes the

Opportunities, Strategies, and Disruptions' authored by Michael E.

new dominant force.

McGrath.
30
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The Potential of Autonomous Vehicles
Vehicle as the Extension of Buildings

Vehicle as the Extension of Infrastructure

Vehicle as the extension of buildings that can plug-in to other
buildings. The boundry between architecture & transportation is
blurred

Vehicle as the extension of infrastructure that can hook-up to
other vehicles or facilities. The boundary between infrastructure &
transportation is blurred

Bed in Autonomous Vehicle Becomes the extension of bedroom.

Cooking Table in Autonomous Vehicle Becomes the extension of kitchen.

32

Vehicles can start or stop simultaneously, so the distance between 2 cars can be very close

33
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Traffic Flow as the Extension of Energy,
Information, Captial, and Human Flow

Traffic Space as the Extension of Public Space

Traffic flow as the extension of energy, information, captial, and
human flow. The bunndry between Traffic flows & energy, Information,
capital, and human flow is blurred

Traffic space as the extension of public space that can fold-up to
save or extend public space. The boundary between traffic space &
public space is blurred

Autonomous Vehicles can deliver merchandise and meals which is the representation of
capital flows and information flows

Autonomous Vehicles can be gas station or battery charger to offer energy for other
vehicle or buildings, which is the representation of energy flows.

34

Today

Future

35
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Boston Area Analysis

36
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How Boston Travels to Work

Bostonians’ Commute Trips by Mode, 1990 vs. 2014

Morning In- and Out-flow of All Trips across
Boston’s Borders by Mode

Today, with a population of approximately 667,000, a daytime
population of nearly 1.2 million, and a weekday MBTA ridership of 1.3
million, Boston needs new projects, policies, and other solutions to
accommodate even more trips by 2030.
Less than half of Bostonians are taking a car to work
Since 1990, the number of people biking and telecommuting has
increased steadily and significantly, entirely off-setting declines in
carpooling over the same period. Trips by car now make up less than
half of all commute trips by Bostonians. The impact of biking and
telecommuting is small numerically, but their recent rate of growth
is making a notable impact. Bicycling doubled from 1990 to 2013—
then doubled again in 2014— growing from under 1% to over 2% of
all work trips. Bikes make up 3% (5,000 trips) of commutes entirely
within Boston.

Data source: American Community Survey, 2014

Bostonians’ Commute Trips by Mode

Transit remains an essential and growing mode for commuting by
Bostonians, with transit’s share of all trips increasing nearly 8% since
1990 to a third of all work trips. Bostonians who work in the city use
transit for 36% (60,000) of work trips.
Ultimately, Boston is a walkable city and is regularly considered one
of the nation’s top three walking cities. While 15% of all work trips are
exclusively on foot—nearly doubling to 27% for trips within the city—
walking is also an essential component of most transit trips. The
walk mode share declined slightly from 1990 to 2000 but has grown
steadily since. As Boston’s expanding job centers get closer to its
neighborhoods, the percentage of commutes on foot is expected to
continue to grow.1

1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030
38

Data source: Central Transportation Planning Staff, 2010

Morning commutes starting in Boston rely on all modes

*1980 data from Census as reported by CTPS. No carpool v. single occupancy vehicle
or bicycling information available.
†1990 data for drive alone and carpool as reported directly from Census data, other
modes from Census via CTPS.
‡2000 data for all modes except Bicycle and Other Means from Census data, other
modes from Census via CTPS.
§Data from ACS—may overreport walking/biking as sample taken during the summer
months.

During the peak hour of the morning commute, 395,000 people head
to destinations in Boston. Of these trips, 229,600 (60%) originate
outside of Boston while the remainder start within the city. Of the
workers entering Boston, 95,000 drive alone, 83,000 take transit, and
36,000 carpool. It should be noted that those transit trips represent a
36% mode share for trips entering Boston—higher then Bostonian’s
own transit mode share for commute trips of 33%.
Meanwhile, during that same morning peak commute hour, 263,000

people take a trip that originates in Boston. Of these, 98,000 people
head out of the city for work. A majority of these out-flow trips are
car trips, with 37,000 (38%) people driving alone and 23,000 (23%)
carpooling.
Only 165,700 morning peak hour work trips originate and end in
Boston, the commutes of people who live and work in the city. Of
these, 59,600 (36%) are riding transit and 44,840 (27%) are walking
to work. Combined, more Bostonians are taking transit and walking
than using a car.
39
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How Boston Travels to Work

Percent of Boston Residents with 60+ Minute Commutes

Commute times vary less significantly across the city
The citywide average commute time of 29 minutes is exceeded
only marginally in just eight neighborhoods, with Mattapan clocking
in the longest average at 34 minutes. Only four neighborhoods
have average commutes of less than 20 minutes. One of these is
Downtown, which has an average commute just below 20 minutes,
showing that not all jobs are concentrated in the downtown. The
shortest commute of just over 15 minutes belongs to those living
in the Longwood Medical Area. The prevailing mode of travel in
a neighborhood does not necessarily correlate to commute time.
While West Roxbury residents commute mostly by car and less
than half of Mattapan commuters drive, their average commute
times are both above the city-wide average (32 and 34 minutes
respectively). Similarly, although both Allston and Jamaica Plain have
commute times close to average (28 and 30 minutes respectively),
JP residents drive at twice the rate of Allston’s (42% versus 19%)
and nearly 30% of Allston commuterd walk to work. Ultimately,
the citywide average commute is heavily driven by the city’s most
populous neighborhoods. Four of the five—Dorchester, Brighton,
Jamaica Plain, and South Boston—have driving and transit mode
shares and average commute times that are right at the citywide
average. (Transit-reliant East Boston is the exception.) Each of these
big neighborhoods has different access opportunities, incomes, and
racial profiles, indicating that no matter who you are, Bostonians
regularly travel less by car and use transit at some of the highest
rates in the nation. Neighborhoods with a high proportion of low
income residents also have a disproportionate number of residents
with very long commutes. This is particularly true in Mattapan, as well
as East Boston, Dorchester, and Hyde Park.1

1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030
40

Average Commute Time and Commute
Mode Share by Neighborhood

Choice of mode varies significantly by
neighborhood

Data source: 2013 ACS 5-year estimates

Bostonians walk and take transit to
get to work more than they drive,
but these choices vary significantly
by neighborhood. Some outer
neighborhoods such as West
Roxbury rely more on driving (over
70% of commuters drive, and 15%
take transit). Meanwhile, other outer
neighborhoods such as Hyde Park
and Mattapan commute on transit
at much higher rates (21% and 34%
respectively)—even though they have
similar rail access as West Roxbury.
Boston’s highest transit-commuting
neighborhood is East Boston, at
nearly 56%. The next highest is
Roxbury at 42%, followed closely
by Mission Hill at 40%. Meanwhile,
residents of Beacon Hill, the North
End, and Downtown all have a walk
to work rate of over 50%. The highest
biking rates are found in Allston,
Mission Hill, and Jamaica Plain—
each exceeding 5%.
41
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Vulnerability to Climate Change

Flood map

A large percentage of Boston’s roads, tunnels, trains, and stations are
vulnerable to climate change. A major storm surge can now inundate
the infrastructure for multiple modes of travel, causing temporary
closures and extended periods of repair; costly reconstruction and
the changing climate will continually raise the probability of this
occuring. Climate change is also increasing the frequency of extreme
heat, heavy rains, and bigger snow storms, hampering Bostonians’
ability to get around—from uncomfortable walking to overheating
cars and railroad tracks; from urban street flooding to frozen or
obstructed bus stops and curb ramps.
Boston is vulnerable to storm surge today!
Today, if a storm surge of five feet was to hit during high tide,
approximately 132 miles of roadway would be vulnerable to flooding,
affecting drivers, bicyclists, walkers, and transit riders. By the 2070s,
the sea level could rise three feet or more, so a similar storm surge
at high tide could flood 432 miles of roadway. As much as 30% of
Boston’s land area would flood in this scenario, including half of the
downtown.
Similarly, large segments of the T are threatened by the combination
of storm surge and sea level rise. Every T line would be impacted,
with the Blue Line and Red Line experiencing the most severe
impacts. Even if individual stations are protected, accessing them
could be a problem for many Bostonians.1

1% Annual Chance Flood
10% Annual Chance Flood
Average Monthly High Tide
36 inches of sea level rise (2070s or later)

1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030
42

Data source: Boston Harbor Association, 2010, via City
of Boston DoIT, MassGIS, Climate Ready Boston 2013.
43

Fluid Urbanism: Imagine the Future Boston City Morphology Change Based on the Autonomous Vehicle Concept

Vulnerability to Climate Change
The Number of Very Hot Days

* Baseline represents historical average
from 1971-2000

Daytime Heat Vulnerability

Upper values from high emissions scenario. Lower values from low emissions
scenario.
Data source: Rossi et al. 2015

Extreme heat and cold can cripple transportation services.
Four consecutive blizzards in the winter of 2015 brought the city’s
transportation systems to a halt due to a combination of heavy snow
and extreme cold. When the T had to be shut down, driving became
necessary for many, yet it was extremely dangerous for days.
Pedestrians were forced to walk in the street for weeks to avoid ice
and snow on sidewalks, and many bicyclists had to use vehicle travel
44

lanes. Question Campaign responders regularly asked how Boston
would deal with blizzards like these in the future.
Extremely hot days can also be a problem as they cause rail lines to
expand and buckle, cars and buses to overheat, and walking and
biking to be too uncomfortable to endure. By 2030, the average
number of summer days with temperatures over 90˚ could go from 11
to 43, or about half of the entire threemonth summer travel season.

Heat Risk

Hot

Very Hot

180 people, dots randomly distributed within each census tract
Elevated heat risk based on land surface temp 1.25 degrees above mean summer
temperature
Maps and Data courtesy Climate Ready Boston
45
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Mass Transit Service
Boston’s train and bus networks provide an affordable and
convenient way to get around, and ridership has steadily increased
since 1990, with more dramatic increases in the last 10 years. Train
lines serve many of Boston’s densest neighborhoods, but some
of the city’s densest residential areas within parts of Charlestown,
Dorchester, and South Boston are a long walk from the nearest train
station.
Ridership on buses and most rapid transit lines is going up
While daily ridership on all of Boston’s transit services has grown,
MBTA bus ridership has grown dramatically in the last ten years, and
both the Red and Orange T lines have seen significant growth as
well. By 2013, there were over one million daily riders on the T.

Non-white families use transit more often relative to their populations
and experience longer commutes

How different races/ethnicities are under or over-represented among
transit use

Mean travel times by race and travel mode

Communities living near rail stations are overwhelmingly white, and
communities of color are served mostly by buses, including dense
parts of Dorchester, Mattapan, and Roxbury. As a result, non-white
families in Boston are much more reliant on buses and experience
noticeably longer average bus commutes (46 versus 39 minutes for
whites). The Key Bus Route program has improved service on the 15
routes with the highest ridership that serve many areas away without
rail service, though these routes are still not as reliable or fast as
taking the train.
Data source: American Community Survey, 2008-2012, Public Use Microdata

Average % Delay in Bus Schedule

The MBTA’s key bus routes program attempts to make buses with the
highest ridership run faster
With a focus on reliability, the MBTA collaborated with the City to
improve service on the 1, 15, 22, 23, 28, 32, 39, 57, 66, and 111 bus
routes. With consolidated stops, more frequent service, and better
signal timing, these routes are behind schedule less frequently.
Data source: MBTA
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Mass Transit Service

Demography

Boston’s transit system serves many of the densest neighborhoods,
but not equitably
Boston’s densest neighborhoods are in the Back Bay, Beacon Hill,
Fenway, and the West End—all of which have excellent nearby
access to transit, and all of which are mostly white neighborhoods.
Meanwhile, there are heavy concentrations of black residents in
Dorchester, Mattapan, and Roxbury, where only bus service is
available.1

1 dot = 10 people
White
Black
Asian
Hispanic
Other
MBTA Subway
MBTA Commmuter Rail
Key Bus Routes
1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030
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Data source: BRA, MassGIS, Census 2010
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Affordable Travel and Access to Jobs

Business Density

Transportation Cost as a % of Household Income

Data source: Location Affordability Index/BPDA
1 dot = 1 business establishment

Average incomes, housing costs, and transportation costs vary
dramatically across Boston. Some of the most expensive housing in
the city is located within walking distance of the highest paying job
centers. With the exception of those living in subsidized affordable
housing, most low income Bostonians move to areas where
housing costs are lower, but they are then burdened by much higher
transportation costs. New job centers are emerging, but they are not
as well-served by the existing transit network as the historic financial
and government centers downtown.

Boston’s jobs have grown beyond downtown, but transit has not.
Job centers have expanded beyond downtown and into more
neighborhoods, providing new opportunities in the Longwood
Medical Area and Fenway, Back Bay, Allston, and the South Boston
Waterfront. For residents of other neighborhoods, these jobs can be
harder to access and require more transfers when taking transit. With
the existing radial transit system, this drives up the financial burden
and cost of time.

Manufacturing
Finance, Insurance, Real Estate
Professional, Technical, Scientific
MBTA Subway
MBTA Commmuter Rail
Key Bus Routes
Data source: BRA, MassGIS
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Roadway Traffic Volume
Housing cost burden

Remote neighborhoods without good transit access experience
higher transportation costs.

higher transportation costs than some more remote parts of Hyde
Park, Mattapan, and Roslindale that benefit from better transit
connections. Some of the lowest cost neighborhoods in Boston
include the Longwood Medical Area, Mission Hill, and Roxbury,
where both housing and transportation costs are lowest. Meanwhile,
the downtown neighborhoods with the very lowest transportation
costs have some of the highest housing costs in Boston. Overall,
transportation costs exceed the Boston average, relative to housing
cost, in the entirety of Dorchester, Hyde Park, Jamaica Plain,
Mattapan, Roslindale, South Boston, and West Roxbury.1
1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030

Data source: Central Transportation Planning Staff

Though Boston’s land values vary by neighborhood, transportation
costs consistently increase for people living further from the
downtown and from T stations. Parts of Brighton, Dorchester, East
Boston, and Hyde Park that have lower housing costs become
more expensive to live in because of their higher transportation
costs, which are largely due to a greater reliance on driving and
the cost of owning and operating a vehicle. Parts of Allston,
Dorchester, Charlestown, East Boston, and Jamaica Plan have
52

High volume

Transportation cost burden

Low volume

Affordable Travel and Access to Jobs
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Incidence of Roadway Crashes by Mode

Feeling Safe
Bicycle and Pedestrian Safety Incidents 2010 – 2014

Bicycle Incidents Relative to Bicycle Improvements

Data source: Boston EMS

The perceived safety of a trip heavily influences whether someone
choses to take transit, walk, or bike, as well as whether and where
to drive. Although the vast majority of crashes in Boston involve
an automobile, the rate of injury or fatality is low because drivers
and passengers are surrounded by safety devices and the vehicle’s
frame. Unfortunately, a significant number of crashes also involve
people walking and biking who have no such protection.
Most crashes are found in areas with wider roads, more cars, and
higher speeds, though there are notable exceptions.
Three-fourths of all walking crashes occur while crossing the road,
so walking safety is often directly proportional to street width and
traffic volume, and the severity of the crash is directly proportional to
vehicle speed. Bicycling safety is particularly influenced by speed;
while most bike crashes are concentrated in neighborhoods closer
54

to downtown, sections of Dorchester— which have lower rates of
bicycle ridership but higher vehicle speeds—also have a high rate of
crashes.
Eight to nine times as many pedestrians and cyclists die on arterial
roads than on local roads. Yet crash hot spots do not always follow
predictable rules and vary depending on the mode. Concentrations
of walking and bicycling crashes exist in slow-speed neighborhood
centers, such as Morton Street and Cleveland Circle, where other
factors such as complicated intersection geometry lead to confusion.
Meanwhile, people walking have fewer incidents than people biking
near the BU Bridge, but they have many more
incidents in the South End.
1

1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030

Data source: Boston Emergency Medical Services, Boston Police Department, MassDOT
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Feeling Safe

Areas within a five-minute Walk of a Protected
Biking Facility or Shared Use Path

Bicycling safety continues to improve.
Boston’s expanding cycling network is providing more separation
from moving cars—bicycle crashes only involve moving vehicles
about half the time, with solo crashes making up most of the rest.
With drivers becoming increasingly aware of cyclists, the number of
bike crashes has grown minimally, while the number of riders has
grown over 200% in the last ten years.
While bicycles are allowed on most roads, the majority of people
who might chose to ride would prefer a lane or path separated from
moving vehicles. Boston’s excellent off-street path network provides
this access in many places, but the continued expansion of onstreet protected lanes is needed to provide safer cycling access to
all neighborhoods. Today, a protected bike facility or lane is within a
5-minute walk of only 20% of Bostonians.1

1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030
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Data source: MassGIS, Boston Bikes, BRA, Census 2010
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Walking Access
With a historic street grid, short blocks, and parks throughout the
city, Boston is consistently ranked highly for its walkfriendliness,
yet most of the places identified by Walk Score as a “walker’s
paradise” are concentrated near downtown where there are a
variety of destinations. Boston’s most remote neighborhoods have
fewer walking destinations and residents cannot rely on walking as
their primary way to get around. While it may be the slowest mode,
walking has personal health benefits including improved fitness and
mental health.

Fewer than one in seven Bostonians live in car dependent places

More walkable neighborhoods often have lower obesity rates

Although more than 30% of Bostonians in the lowest income bracket
live in car dependent places, less than 10% of households making
more than $100,000 a year live where they have to rely on their cars.
Over a third of those in this highest income bracket live in a “walker’s
paradise,” while under 20% in the lowest income bracket have this
opportunity. While only 2% of Bostonians live where it is “very car
dependent,” over half of these residents are in the lowest income
bracket.1

Although many factors contribute to obesity, Boston neighborhoods
with higher Walk Scores tend to have lower rates of obesity.

Relationship Between Neighborhood Walk Score and Obesity

According to Walk Score, Boston is the nation’s third most walkable
city

1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030

% of Boston households living in:

Data sources: Walk Score and 2013 ACS 5-year estimates
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% of Boston households with income:

Data sources: Walk Score, 2016 and Boston Public Health Commission
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Walking Access

5- and 10-minute Walksheds from
Subway and Commuter Rail Stops and

A dense transit network is easily accessed by foot in only some parts
of the city

Key Bus Routes

Much of Boston is within a tenminute walk of a subway line, key bus
route, or commuter rail station. Significant portions of Dorchester,
Hyde Park, Jamaica Plain, Mattapan, and South Boston continue to
face long walks to rapid transit stations. Residents in these areas rely
on less frequent buses or other modes to get around.1

= 10 people
5- minute Walk to Subway/Commuter Rail Stops
10- minute Walk to Subway/Commuter Rail Stops
5- minute Walk to Bus Route Stops
10- minute Walk to Bus Route Stops
MBTA Subway
MBTA Commmuter Rail
Key Bus Routes
1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030
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Data source: BRA, MassGIS, Census 2010
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Bicycle Facilities Built by Year

The Growth of Bicycling
Bicycling rates and popularity have grown dramatically in Boston
in the last ten years with the installation of bike infrastructure, the
mobilization of community programs, and the launch and expansion
of shared Hubway bikes. Bicycling has become a regular way to
commute in the city, exceeding 2% of the commute mode share in
2014.
Biking in Boston has grown steadily over time
Annual counts on several corridors show that bicycling has increased
nearly 300% in nine years. The American Community Survey shows
that the share of Boston commuters using bicycles rose from 0.90%
in 2005 to 1.4% in 2010 to 2.4% in 2014.

Boston’s on-road bicycle infrastructure has expanded significantly
since 2007
Since 2008, the city has undergone a significant expansion of bicycle
infrastructure. A total of 125 Hubway stations have been deployed so
far, and over 100 miles of bike lanes have been installed. These new
lane miles added to the city’s extensive legacy of off-road multiuse
paths, including the Southwest Corridor and the Paul Dudley White
Path along the Charles River. Other programs that encourage and
support safe riding for people of all ages include the Women’s
Cycling Initiative, distribution of free bike lights and reflective safety
bands, and the annual Hub on Wheels ride.1
1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030

Bicycle Traffic Count, 2007 –2013

Pre-2007 (off-road facilities only)
2007-2011
2011-2015
Data source: Annual Boston Bikes counts at 16 intersections over peak hours (7 AM –
9 AM and 4 PM – 6 PM)
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Protected facility
Data source: Boston Bikes, 2015
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Shared Transportation Options

Sharing Rides and Vehicles
Where traditional transit has left gaps, shared transportation has
begun to fill them. The growth of services such as Lyft and Uber
and show that people are less interested in driving and parking their
own cars and simply want to request a ride to get to where they
want to go. Zipcar, Hubway, on-demand buses, and other shared
transportation services can reduce reliance on privatelyowned
vehicles as part of a larger system of options. However, their costs
and limited availability in certain neighborhoods excludes some lowincome residents today.
Hubway has expanded its reach, number of riders, and annual
mileage
With the growth of the Hubway system across additional Boston
neighborhoods and into Cambridge, Brookline, and Somerville, its
use has grown dramatically. Membership doubled between 2011 and
2014, increasing the total number of annual trips to 1.2 million and
the total annual miles traveled to 2.2 million.

Shared transportation is expanding unevenly across Boston’s
residential neighborhoods
Carshare and bikeshare locations are often found in denser
neighborhoods; however, areas like the South End, Allston, and
Brighton have more carshare locations compared to equally
dense areas of Dorchester, Mattapan, and Roxbury. The South
Boston Waterfront has relatively few residents, but has several
shared transportation options in response to the employment and
entertainment districts. Though shared transportation can be an
alternative to transit, bikeshare networks cannot expand beyond a
reasonable distance from existing stations, and carshare companies
have found that most of their users need to live or work near transit in
order to access vehicles and to support their other car-less trips.1

Growth of Hubway Usage, 2011-2014

Zipcar
Enterprise
Hubway
Zipcar Location Count by Neighborhood(2014)
Data source: Hubway (2014)
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1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030

Enterprise Location Count by Neighborhood(2014)
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Car Ownership and Use
Households living farther away from regular transit drive more,
and even some residents who live near transit (particularly key
bus routes) continue to rely on their cars. The decision to drive is
often a reflection of transit service not being reliable enough to
meet residents’ needs. Reliance on driving for trips is more costly
over time and significantly less sustainable than other means of
travel. Over the last few years, total miles traveled per person has
dropped significantly in Boston while rates of vehicle ownership have
increased at lower rates than they had previously.1

Comparing Zero-Vehicle Households to Overall City of Boston by
Household Income

Comparing Zero-Vehicle Households to Overall City of Boston by
Race

1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030

Registered Boston Cars and Boston Population

Source: Public Use Microdata Sample / American Community Survey (2012)

Zero-vehicle households are disproportionately poor and non-white

Source: Massachusetts Vehicle Census, 2009 – 2014, via Barr Foundation and MAPC
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Many households in Boston already own one car, but white
Bostonians are more likely to live in a household with one or more
vehicles than those of other races. Among households with no
vehicles, more than half have annual incomes less than $25,000.
Only 7% of zero-vehicle households make over $100,000.
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Car Ownership and Use

Vehicle Miles Traveld (VMT) per Household

Low mileage vehicle households are concentrated around transit
People who live in Downtown, Fenway, and Allston drive the least
and this pattern generally follows areas around rapid transit lines.
Residents living farther from the core and from transit stops tend to
use their cars more. In Allston and Brighton, people who live near
the Green Line do not drive as much the people living farther from
transit; however, in Dorchester and Jamaica Plain even those living
near rapid transit tend to drive more often. These trends indicate that
direct transit access as well as availability of jobs and other amenities
can keep driving to a minimum.1

Fewer VMT
1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030
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More VMT

Data source: Massachusetts Vehicle Census, MAPC 2015
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Traffic Congestion Level

Roadway Traffic Flow
While the amount of driving per Bostonian has declined, peak hour
congestion continues to cause delays. This is most noticeable on
major State and Federal highways where regional vehicular traffic
is concentrated. Some major highways lose 40 – 60% of their
average speed during rush hour. Some key arterials connecting
neighborhoods outside of downtown are also congested to lesser
degrees, but most local streets have noticeably less congestion,
largely due to Boston’s driving rates.

Individual rates of driving have dropped 10% in Boston
Per capita mileage has declined dramatically among Bostonians
in the last decade. However, overall population growth in Greater
Boston has led to a net increase in the total miles driven in the region.
Vehicle Miles Traveled (VMT), 2005 – 2013

Traffic slows by 15% on average during peak periods
On highways such as I-93 and Route 1, traffic speeds slow by
as much as 60% during the morning commute. Despite modest
declines in the proportion of driving trips among all trips since 2005,
congestion has remained a persistent challenge since the number of
total trips has increased.1

Data source: Boston Climate Action Plan

1 Boston Transportation Department. (2017). Boston Today, Go Boston 2030

Interstates have greater delays than local
roads
The most congested road segments are
interstates, but other congested arterials
are scattered throughout Boston. No
neighborhood escapes congestion. Even
long busy corridors have segments that
are significantly more congested than
other parts of the same corridor. For
example, Washington Street from Roxbury
to Roslindale or sections of Morton Street
between Jamaica Plain and Mattapan are
more congested than other stretches of
these arterials.

Peak vs. Average Roadway Travel Speed at Select Road Crossings
into Boston

47%
(i) Speed below daily average
(ii) Speed above daily average
(iii) Speed during summer only
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More Congested
Data source: INRIX

140%
Less Congested
Data source: INRIX
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Land Use

Single Family Residential
Two Family Residential
Three Family Residential
Residential (4-6 units)
Apartment
Condominium
Mixed Use
Commercial
Industrial
Institutional
Government
Garage, Tank, Other
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Research and Study
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Urban System Elements
Intangible Flows

Tangible Spaces

Human Flow

Commercial Space
Commercial Space

Information Flow
Industrial Space

Office Space

Green Public Space
Hospital

Traffic Space

Transportation Station

Residence
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Functional Recombination

Combination Scenario
1. Office Space attach to Residential space
2. Commercial Space attach to Residential Space
Office Space

Industrial Space

3. Hospital Space attach to Residential Space
4. Green Public Space attach to Residential Space
5. Public Transportation Station attach to Residential Space

12
1

Commercial Space

6

River Course

7

2
13

Residence

11

14

Green Public Space

5

Home-Hospital
Home-Park
Home-Pickups
Home-Energy-Generator
Hospital-Energy-Generator
Shopping-Garden

10. River Course and Green Public Space can be interchangeable

Floating-Park
Water-Highway
Tidal-Energy-Generator

Traffic Space

9

Public Traffic Station

Like what my thesis methodology is, by distinguish and
deconstructing the urban system elements and recombining the
elements, I try to find the new combination and arrangement of the
future city working logic.
In the future city, flow, mobility, and space all can be shared. So
instead of physically going to one place, the place will go find us. Our

78

Home-Supermarket

Highway-Park

12. River Course and Industrial Space can be interchangeable
4

Home-Office

9. Traffic Space and Green Public Space can be interchangeable

11. River Course and Traffic Space can be interchangeable

3

Hospital Space

7. Industrial Space attach to Hospical Space
8. Green Public Space attach to commercial Space

10

8

6. Industrial Space attach to Residential Space - Home-energy-generator

Scenario Name

home will be multifunctional. Other necessary functions like medical
care, shopping, the green public park will plug-in to our existing
residential building like Lego pieces when we need them. After using
that function, the additional part can also depart to our home and
move to its original place and get ready to plug-in to another one.
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Typewriter Investigation
To study the internal working logic of a city, I use typewriter as
a metopher to represent city transportation system. The type
writing machine has many similarities with city. They all have many
systems to be functional. They all have certain accuracy as well as
consistency. It's an organized complex system to have certain faulttolerant.
Therefore, I deconstruct the Royal brand typewriter and study its
systems, sub-systems, and its component elements. Using those
component elements to reconstruct a new 'working machine'.
By comparing that new machine with the original one, study
which system has been changed and which system stay static.
The unchanged system can be a reference as the future city
transportation system.

Type Writing Machine Patented, 1897
80
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Systems in typewriter

Elements in typewriter
Paper-Roll-In System

Functions

Comparesion in Transportation

Deliver information

Train with specific cart sequence

Control the Route of Keys

Traffic Space

Keys

Keylever

Key-Press-Paper-Move System

Inter-replaceable
Control the Route of Template

Public Space

Transform information

New Infrastructure/ Vehicle

Convergence information

New Infrastructure/ Street

Directly deliever forces

Buildings (Gas station)

Hold forces and release it

Specific function building

Template Arms

Convergence System

Iron Template

Convergence Frame

Key-Bounce-Back System

Gears

Springs
82

83

Fluid Urbanism: Imagine the Future Boston City Morphology Change Based on the Autonomous Vehicle Concept

Deconstruction Process

Original Typewriter

84

Get Rid of Unnecessary Decoration

Cut Down the Origin Transmission

Disassemble the Elements
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Reconstruction Process

First Stage

86

Second Stage

Second Stage
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New System Mobility

Weigh down

88

Lift up

Pull Thread

Release Thread
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Push left

90

Pull right

Drag

Release
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Weigh down

92

Lift up

Pull up

Push down
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Moving Mechanism

Keys

Keylever

Template Arms

Convergence Frame

Gears

Springs
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Proposal Development
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Conceptual Mapping

Water Taxi

Floating Hospital

Floating Green Park

Energy Generator
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Mystic

Everett

Chelsea
Somerville

Mystic River
Chelsea Creek

Chel

sea

Cree

k

Charlestown

Emerging Center of Boston
Bay Front

Cambridge

Hospital District

Watertown/ Newton

les
har

er

Riv

Historic Center
of Boston

C
BU Bridge

Logan Airport

y

kba

Bac

Brookline

Seaport
Boston Harbor
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Unit Functions
Science Lab
Floating Green Park
Water Filteration

Floating Green Park

Floating Living House

Energy Generator

Urban Farming

Fish Farming
Floating Fish Market
Floating Hospital

Landscape Slope

Water Taxi

Wetland

Floating Student Center

Floating Students Center
Water Purification Facility
Floating Hospital
Floating Green Park
Floating Fish Market
Power Blade

Science Lab

Deployable Unit
102

Petal Unit

Pod Unit
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Unit Combination Arrangement

Fresh Water Deployable Unit

104

Salt Water Deployable Unit

Brackish Water Deployable Unit (near estuary)

Brackish Water Deployable Unit (near headstream)
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Unit Combination Arrangement

Row of Pod Units

106

Petal Structure

Bridge Structure

Extended Petal Structure
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Unit Function Scenarios

Floating Hospital

108

Science Lab

Floating Student Center

Water Taxi
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Floating Green Park

110

Floating Fish Market

Floating Living House

Fish Farming
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Bay Front & Hospital District

Floating Hospital

Hospital District
Underuse River Bank

Water Taxi

Public transport Station

Floating Green Park
Key Plan
114
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Floating Hospital Floating Green Park Energy Generator
116

Wetland Restoration
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Seaport
Water Taxi

Floating Green Park

Energy Generator

South Station
Parking Lot
Convention Center

Key Plan
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Water Taxi
122

Energy Generator

Floating Green Park
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BU Bridge
Student Center

Science Lab

Energy Generator

Wetland Restoration

Boston University
Massachusetts Institute of Technology
Bio-Science Company

Key Plan
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Science Lab
128

Water Recycle

Aerating Turbines

Wetland Restoration
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Chelsea Creek
Water Purification Facility

Wetland Restoration

Bio Tank

Floating Green Public Park

Oil Tank
Hardened River Bank
Low-income Community

Key Plan
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Bio Tank
134

Wetland Restoration

Floating Green Public Park

Water Purification Facility
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Mystic River
Floating Fish Market

Floating Urban Farming

Wetland Restoration

Floating Green Public Park

Water Taxi

Supermarket
Underuse Parking Lot
Railway Station

Key Plan
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Floating Urban Farming
140

Floating Fish Market

Water Taxi
141

Scenarios
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Newton / Watertown
Water Auditorium

Floating Green Public Park

Water Taxi

Energy Generator

Ice Rink
Sports Field
Kayak Club

Key Plan
144
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Water Auditorium
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Reflection
It's been my good fortune to walk along the whole thesis process,
from selecting a topic of great personal interest to the background
study, developing a methodology for my research, and finally to the
final phase of testing my ideas through design. During each phase I
was exposed to new challenges, stepping well outside of my comfort
zones.
If I were to start over again today, knowing what I now do, I think
I should shorten the time spent on my background study during
wintersession, so as to leave more time for the final design phase.
Using the typewriter as my metaphor inspired my understanding
of systems. Yet, its translation to the final form is still lacking a
more logical explanation and consideration. I should dig deeper
into understanding the typewriter. As of now, its pure mechanical
beauty – its essential marriage of form and function – is still not fully
present in my thesis. That doesn't mean that the typewriter is not
a good metaphor for the city. I still believe it is, especially as an
example “organized complexity,” a term I was introduced to in my
Bio-design course in fall semester. As to the question of what a future
city characterized by shared intelligence and autonomous vehicles
might look like, I know it will definitely be quite different from the city
of today. I also think it's still a far way to what I imagine here. The
diagrams I drew on pages 32-35 will be the near future trending.

the curb to curb—including pedestrians—and all but eliminating
street life. Subsequent generations of urban planners built upon
this, hollowing out downtown urban cores and rebuilding them with
congestion and traffic dangers; replacing the housing with parking
lots; and eviscerating surface transit and urban economies.
Today, in my time, the great technological change is the autonomous
aspect of mobility and the idea of shared intelligence. As we enter
the third decade of the 21st century, and as we anticipate the arrival
of self-driving vehicles on city streets, we have a historic opportunity
to reclaim the street and correct these mistakes. As a designer and
planner, I think I have the responsibility to start to think about the
future city and return people to a higher quality of urban life.

My use of the autonomous vehicle concept in this thesis was
primarily a way for me to open up my imagination. It represents a
higher level of mobility than automobiles offer right now. As Frank
Lloyd Wright and his Broadacre City theory pointed out, each stage
of civilization has its own access to new forms of mobility. In his
time, it was the automobile. A century ago, as the automotive age
swept across the nation, cities responded not by adapting cars and
trucks to infrastructure designed for previous modes of mobility, but
instead, responded with relentless clearcutting of obstacles from
150

151

Fluid Urbanism: Imagine the Future Boston City Morphology Change Based on the Autonomous Vehicle Concept

Bibliography
[1] Michael E. McGrath, (2018). Autonomous Vehicles Opportunities,
Strategies, and Disruptions,
[2] Hod Lipson, (2016). Driverless: Intelligent Cars and the Road
Ahead, The MIT Press
[3] Jane Jacobs, (1961). The Death and Life of Great Amercian Cities,
Random House, New York
[4] Philip Ball, (2009). Flow Nature's Patterns a tapestry in three parts:
Shapes, Flows and Branches, Oxford University Press
[5] Rizwan Virk, (2019). The Simulation Hypothesis: An MIT Computer
Scientist Shows Why AI, Quantum Physics and Eastern Mystics All
Agree We Are In a Video Game, Published by Bayview Books, LLC a
division of Bayview Labs, LLC
[6] Institue of Transportation Engineers, (2010). Designing Walkable
Urban Thoroughfares: A Context Sensitive Approach, Washington,
DC
[7] Charistele Harrouk, (2020). MVRDV and Airbus Intergrate Air
Mobility into Urban Environments, ArchDaily, pp. 1-6
[8] National Association of City Transportation Officials, Blueprint for
Autonomous Urbanism Second Edition (2017), NACTO
[9] Kelly Shannon and Chen Yiyong, (Recovering) China's Urban
Rivers as Public Space, Future Publics: Politics and Space in East
Asia's Cities, Spring 2013, vol. 7/1, pp.27-44
[10] James J. Gibson, (1979). The Ecological Approach to Visual
Perception, Psychology Press Classic Editions, Yaylor & Francis
Group New York and London
[11] Sasaki Sponsored Research, (2018), Shifting Gears: An Urbanist
Take on Autonomous Vehicles
[12]Francisco J. Varela, Evan Thompson, Eleanor Rosch, (1991).
The Embodied Mind Cognitive Science and Human Experience
Revised Edition, The MIT Press Cambridge, Massachusetts, London,
England.
[13]Thomas J. Lombardo, (1987). The Reciprocity of Perceiver
and Environment The Evolution of James J. Gibson's Ecological
152

Psychology, Psychology Library Editions: Perception, Volume 18
[14] Bianca Maria Rinaldi, Puay Yok Tan, (2018). Urban Landscapes in
High-Density Cities Parks, Streetscapes, Ecosystems.
[15] Zhongjie Lin, Jose L.S. Gamez, (2017). Vertical Urbanism, School
of Architecture, University of North Carolina at Charlotte.
[16] Gili Merin, (2013). AD Classics: The Plug-In City / Peter Cook,
Archigram, ArchDaily.
[17] Rory Stott, (2013). A Walking City for the 21st Century, ArchDaily.
[18] Kittelson & Associates, Inc, (2012). Bicycle Facility Evaluation
Washington, DC, Portland State University.
[19] Boston Transportation Department. (2017). Boston Today, Go
Boston 2030
[20] Massachusetts Department of Transportation, (2015).
Massachusetts Transportation Facts.

153

